Passive earth pressure against retaining wall depends on a number of factors such as, soil friction angle ϕ, soil wall friction angle δ, backfill angle (ground surface inclination behind wall β, inclination of wall face on horizontal α, and surface of rupture. Several theory have been developed to over come this problem, i. e., determine the coefficient of passive earth pressure using the plane surface of rupture. One of the important parameter which effect on the coefficient of the passive earth pressure surface of rupture. In the present paper , formulation is proposed for calculating coefficient of passive earth pressure on a rigid retaining wall undergoing horizontal translation base on surface of rupture consisting log-spiral and linear segments assisted by computer program (MATLAB program used). The present study is compared with coulomb's results. The comparison between present study and coulomb's values shows the present study predict values of earth pressure much less than those of coulomb's values specially if δ≥ 0.3 ϕ. Those results agree with anthers researches In order facilitate calculation coefficient of passive earth pressure, using the proposed equations, a modified coefficient of passive earth pressure is provided. It is function of (ϕ, δ, β, α).
Introduction
Retaining structures are vital geotechnical structures; because the topography of the earth surface is a combination of plain, sloppy and undulating terrain. The retaining wall has traditionally been applied to free-standing walls whose resists thrust of the bank of earth as well as providing soil stability of a change of ground elevation. The design philosophy of the wall deals with the magnitude and distribution of the lateral pressure between a soil mass and wall.
Estimation of passive earth pressure acting on the rigid retaining wall is very important in the design of many geotechnical engineering structures; particularly retaining wall. Passive earth pressure calculations in geotechnical analysis are usually performed with the aid of Rankine [24] or Coulomb [4] theories of earth pressure based on uniform soil properties. These traditional earth pressure theories are derived from equations of equilibrium along on an assumed planner failure surface passing through the soil mass. Both assume that the distribution of the passive earth pressure exerted against the wall is triangular. However, the distribution of the earth pressure on the face of rough wall depends on the wall movement (rotation about top, rotation about bottom and horizontal translation) and is nonlinear. This is different from the assumption mode by both Rankine [24] and Coulomb [4] .
The Coulomb theory is more versatile in accommodating complex configurations of backfills and loading conditions as well as frictional effects between walls and backfills. However, both theoretical and experimental studies have shown that the Coulomb assumption of plane surface sliding is not perfectly valid when the wall is rough, especially in the passive case when interface friction is more than 1/3 of internal soil friction. The curvature of the failure surface behind the wall needs to be taken into account. Hence, Coulomb's theory leads to largely overestimation of the passive earth pressure.
The Rankine's theory is applicable to the calculation of the earth pressure on a perfectly smooth and vertical wall, but most retaining walls are far from frictionless soil structure interface.
The passive earth pressure problem has been widely treated in the text books, literature and articles . Theoretical procedures for evaluating the earth pressure using different approaches (the limit equilibrium method [11] and [8] , the slip line method [5] , [15] , [22] and [14] , the upper-and lower bound theorems of limit analysis [23] and numerical computation.
Rupaand Pise, [19] used a circular arc due to arching effect for determining the passive earth pressure coefficient. Janbu [13] used a method of slices with bearing capacity factors to calculate passive pressure resultants. These different approaches generally confirm the accuracy of the Log Spiral Theory [5] for a wide range of values of the internal soil friction and the soil-structure interface friction angle. Similarly, Martin [10] and Benmebarek et al. [17] who used FLAC 2D numerical analysis to evaluatepassive earth pressures have found fairly close agreement with Log Spiral Theory. In spite of recent published methods, the tendency today in practice is to use the values given by Caquot and Kérisel [5] and Kérisel and Absi [15] .
Many studies have investigated the capacity and load-deflection relationships for walls under passive conditions using finite element and finite difference methods. Duncan and Mokwa [7] review the results of many of those studies, and report that they have generally found the log-spiral surface to accurately reflect the computed failure surface from the models. Moreover, they found that log-spiral solutions for passive In order to appreciate the accuracy of the present analysis, the theoretical approach of Coulomb is used for comparison.
Coefficient of passive earth pressure
Lateral earth pressure is the pressure that soil exerts in the horizontal plane. To describe the pressure a soil will exert a lateral earth pressure coefficient, K, is used. K is the ratio of horizontal pressure to vertical pressure (K= ). K used in geotechnical engineering analysis depends on the characteristics of its applications. There are many theories for predictions lateral earth pressure, some are empirically based, and some are analytically derived. In this section we will discus the theories for the passive earth pressure only.
Coulomb's theory [4]
Coulomb (1776) first studied the problem of the lateral earth pressure on the retaining structures. He used limit equilibrium theory, which considers the failing soil block as a free body in order to determine the limiting horizontal earth pressure. His theory treats the soil as isotropic and accounts for both internal friction at the wall-soil interface (friction angle δ) The coefficient of the passive earth pressure based on coulomb's theory is: The Rankine(1857) method of evaluating passive pressure is a special case of the conditions considered by Coulomb. In particular, Rankine assumes that there is no friction at the wall-soil interface (δ = 0). The coefficient of Rankine's passive earth pressure can be computed as: (2) When the embankment slope angle β equal zero,K pR = .
Properties of logarithmic spiral (after [6])
The equation of the logarithmic spiral generally used in solving problems in soil mechanics is of the form (3)
Where r= radius of the spiral =staring radius at θ=0.0 ϕ = angle of friction of soil θ = angle between r and the basic parameters of a logarithmic spiral are shown in Fig(2) ., in which O is the center of the spiral. The area of the sector OAB is given by Fig.(2) General parameters of a logarithmic spiral (after Das [6] ) (4) Substituting the values of r from Eq(3) into Eq(4) , we get (5) The location of the centroid can be defined by the distances and Fig (2) . , measured from OA and OB respectively, and can be given by the following equations (Hijab, 1956 ):
Another important property of the logarithmic spiral defined by Eq. is that any radial line makes an angle ϕ with the normal to the curve drawn at the point where to radial line and spiral intersect. This basic is particularly useful in solving problem related to lateral earth pressure. Where d 1 = C 1 acts parallel to the ground surface at a distance of d 1 /3 measured vertically upward from C 1 3-F 1 is the resultant of the shear and normal forces that act along the surface of sliding BC 1 . At any point on the curve, according to the property of the logarithmic spiral, a radial line makes an angle ϕ with the normal. Because the resultant, F 1 makes an angle ϕ with the normal to the spiral at its point of application, its line of application will coincide with a radial line and will pass through the point O 1 . 4-P 1 is the passive force per unit length of the wall. It acts at distance of H/3measured
vertically from the bottom of the wall. The direction of the force P 1 is inclined at an angle δ with the normal drawn to the back face of the wall. Thepreceding procedure for finding the trial passive force per unit length of the wall is repeated for several trial wedges such as those shown in Fig. (3c) . Let P 1, P2, P3,…..P n be the forces that corresponding to trial wedges 1, 2, 3, ……, n. The lowest point of the smooth curve defines the actual passive forces, P p , per unit length of the wall. The coefficient of the passive earth pressure K p = 2P p /γH 2 . It is worthwhile mentioning here that when we did not get a clear minimum coefficient of passive earth pressure, take k p( min.) corresponding the angle BO 1 C between O 1 B =r o and O 1 C 1 = r 1 equal to (ρ -β ) ,where ρ inclined angle of tangent on the horizontal and β inclined of the ground surface
Main goal of the present work
The main goal of the present work is the transfer the shown case of passive earth pressure against rigid retaining wall using surface of rupture consisting log-spiral curve and linear segments as depicted in Fig.(3) into group of equations can solved easily by computer with high accuracy. and the corresponding minimum coefficient of passive earth pressure are found using proposed as discuss before.
Parameters used in the program
2-The value δ is change six times and step No. 1 is repeated.
3-The value β is changed five times and steps No. 1 and 2 are repeated. 
Analysis and discussion
The discussion illustrates the effect of the parameters study on the coefficient of passive earth pressure. The main investigated parameters are:- Angle of internal friction of soil  Interface friction angle between soil and wall  Ground surface slope  Inclined of back surface A comparison was made between the results of present work and some researches using different surface failure, to evaluate the coefficient of the passive earth pressure. The deduced formula for calculation k p corresponding to Coulomb's coefficient. The deduced formula for calculation of K p corresponding K pc (Columb's coefficient)
Where the magnitude of friction is low so that the angle (δ) is small, the rupture surface is approximately planner. As the angle δ increases, however, the lower zone failure wedge becomes curved for values of, (δ > φ/3), up to about one-third of φ. But as δ becomes larger, the error in the computed K p increasingly greater, whereby the actual passive is less than the computed value (using Eq. (1)). For larger δ analysis of force resulting from passive pressure should be based on a curved surface of rupture. When φ <20 o the difference between planner and curve surface failure little and may be neglect. In this section we will try found the relation between k p and K pc for (δ > φ/3, φ>20 o ) with different anther study parameters.
Based on data recorded in tables 1, 2 and 3 and values of K pc (Columb's coefficient) which computed using Eq. (1 ) The relation between 
Application of the program and comparison with others
Some examples were solved using program and are compared with the references given in Figs. (11-14) . Fig.(11) shows the)K p versus φ at α =90 0 , β/φ = 0.0, δ /φ =0.6 using different method. It is clear that where the magnitude of friction is low so that the angle (δ) is small the K p is the same for different methods. After that clear difference between planner surface and log-spiral surface failure 
Conclusions
The main conclusions of the present study can be drawn as follows:- Coefficient of the passive earth increasing with increases angle of internal friction of soil.  Coefficient of the passive earth increasing with increases δ /φ.  Coefficient of the passive earth increasing with increases β/φ.  Coefficient of the passive earth decreasing with decreases α.  Where the magnitude of friction is low so that the angle (δ) is small, the rupture surface is approximately planner. As the angle δ increases, however, the lower zone failure wedge becomes curved for values of, (δ > φ/3). But as δ becomes larger, the error in the computed K p increasingly greater, whereby the actual passive is less than the computed value (using Columb's theory)). For larger δ analysis of force resulting from passive pressure should be based on a curved surface of rupture. When φ <20 o the difference between planner and curve surface failure little and may be neglect. 
